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1

TRANSPARENT CONDUCTIVE FILM
COMPOSITE AND TRANSPARENT
CONDUCTIVE FILM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of Tatwan Patent Appli-
cation No. 102148966, filed on Dec. 30, 2013, the entirety
of which 1s mcorporated by reference herein.

BACKGROUND

Technical Field

The disclosure relates to a transparent conductive film,
and 1n particular to a transparent conductive film composite
and a transparent conductive film manufactured front the
transparent conductive film composite.

Description of the Related Art

In recent years, the applications of the transparent con-
ductive film increase and the demands of the transparent
conductive film varied continuously. For example, elec-
tronic products such as liquid-crystal displays 1n flat display
panels, electro luminescence panels, plasma display panels,
field emission displays, touch panels, and solar cells, all
utilize transparent conductive film as an electrode material.
With the flourishing development of the 3C industry and the
global trend of saving energy, the technology of the trans-
parent conductive film becomes more and more important.

Therelore, a transparent conductive film which has high
conductivity, high transparency and may be applied in
flexible electronic products 1s needed.

SUMMARY

The present disclosure provides a transparent conductive
film composite, including: (a) 0.07-0.2 wt % of a metallic
matenal; (b) 0.01-0.5 wt % of a dispersant; and (c) 99.3-
99.92 wt % of a solvent, wherein the metallic material (a)
includes: (al) 84-99.99 wt % of metal nanowires; and (a2)
0.01-16 wt % of micron metal flakes.

The present disclosure also provides a transparent con-
ductive film, including: (a) a metallic matenal; and (b) a
dispersant, wherein a weight ratio of the metallic material to
the dispersant ranges from about 0.14:1 to 20:1, wherein the
metallic maternial (a) includes: (al) 84-99.99 wt % of metal
nanowires; and (a2) 0.01-16 wt % of micron metal flakes,
wherein a sheet resistance of the transparent conductive film

1s 100€2/[] or less, and a transparency of the transparent
conductive film 1s 95% or greater.

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more fully understood by reading
the subsequent detailed description and examples with ref-
erences made to the accompanying drawings, wherein:

FIG. 1A 1s a schematic view of a transparent conductive
film which only includes nano metal wires;

FIG. 1B 1s a microscopy 1image of a transparent conduc-
tive film which only includes nano metal wires;

FIG. 2A 1s a schematic view of a transparent conductive
film which includes metal nanowires and micron metal

flakes; and
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FIG. 2B 1s a microscopy 1image of a transparent conduc-
tive film which includes metal nanowires and micron metal

flakes.

DETAILED DESCRIPTION

The transparent conductive film composite and the trans-
parent conductive film of the present disclosure are
described 1n the following detailed description. In the fol-
lowing detailed description, it should be noted that one or
more embodiments are provided to illustrate the present
application. The specific elements and configurations
described in the following detailed description are merely
used to clearly describe the present disclosure, and the scope
of the present application 1s not intended to be limited by the
specific element and configuration. In addition, various
embodiments may use like reference numerals to clearly
describe the present disclosure. However, the like reference
numerals does not indicate a correlation between various
embodiments and structures.

The terms “about” and “substantially” typically mean
+/-20% of the stated value, more typically +/-10% of the
stated value and even more typically +/-5% of the stated
value. The stated value of the present disclosure 1s an
approximate value. When there 1s no specific description,
the stated value includes the meaning of “about” or “sub-
stantially”.

FIG. 1A 1s a schematic view of a transparent conductive
film which only includes nano metal wires, and FIG. 1B 1s
a microscopy 1mage of a transparent conductive film which
only includes nano metal wires. According to FIGS. 1A and
1B, in the transparent conductive film containing only the
metal nanowires 100, the metal nanowires 100 are electri-
cally connected to each other to form conductive paths only
through the contact points 110.

In the present disclosure, trace metal flakes are added 1nto
the transparent conductive film to enhance the conductivity
of the transparent conductive film while maintaining 1its
transparency. Referring to FIGS. 2A and 2B, FIG. 2A 1s a
schematic view of a transparent conductive film which
includes metal nanowires and micron metal flakes, and FIG.
2B 1s a microscopy 1mage ol a transparent conductive film
which includes metal nanowires and micron metal flakes. As
shown 1n the two figures, 1n the transparent conductive film
containing metal nanowires 200 and micron metal flakes
220, the metal nanowires 200 may be electrically connected
to each other to form a conductive path and enhance the
conductivity not only through the contact point 210, but also
through the contact region 230 of the metal nanowires 200
and the micron metal flakes 220. The manufacturing method
and utilization of the transparent conductive film composite
and the transparent conductive film in the embodiments of
the present disclosure are described 1n the following detailed
description.

First, a metallic material containing the nano metal wire
and the macron metal flake 1s dispersed 1n a solvent by a
dispersant to form the transparent conductive film compos-
ite. In one embodiment, excellent dispersion may be
achieved by a three-roll mill. In the transparent conductive
f1lm composite, the total solid content of the nano metal wire
and the micron metal flake ranges from about 0.07-0.2 wt %.

In the metallic material, the weight ratio of the micron metal
flake ranges from about 0.01-16 wt % based on the total

solid content of the metallic material.

In particular, the transparent conductive film composite of
the present disclosure may include about 0.07-0.2 wt % of
the metallic; material, about 0.01-0.5 wt % of the dispersant;
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and about 99.3-99.92 wt % of the solvent. For example, 1n
one embodiment, the transparent conductive film composite
of the present disclosure may include about 0.07-0.1 wt %
of the metallic material, about 0.03-0.3 wt % of the disper-
sant; and about 99.6-99.90 wt % of the solvent.

The above metallic material may include the nano metal
wire and the micron metal flake. The metallic material
includes about 84-99.99 wt % of the nano metal wire and
about 0.01-16 wt % of the micron metal flake. For example,
in one embodiment, the metallic material includes about
90-99.9 wt % of the nano metal wire and about 0.1-10 wt %
of the micron metal flake. In another embodiment, the
metallic material includes about 99-99.9 wt % of the nano
metal wire and about 0.1-1 wt % of the micron metal tlake.
In the present disclosure, since trace metal flakes are added
into the transparent conductive film composite, the conduc-
tivity of the transparent conductive film manufactured from
this transparent conductive film composite may be enhanced
while maintaining its transparency.

In addition, 1t should be noted that 1f the metallic material
in the transparent conductive film composite includes too
many micron metal tlakes, for example more than 16 wt %
of the micron metal flake, the transparency of the subsequent
transparent conductive film manufactured from this trans-
parent conductive film composite may decrease, which in
turn aflects 1ts applicability. On the other hand, i the
metallic material 1 the transparent conductive film com-
posite includes an insuilicient quantity of micron metal
flakes, for example less than 0.01 wt % of the micron metal
flake, the conductivity of the subsequent transparent con-
ductive film manufactured from this transparent conductive
film composite cannot be eflectively enhanced.

The material of the micron metal flake may be any flaky
conductive material. The conductive paths between the
one-dimensional metal nanowires may be increased through
the two-dimensional shape of the micron metal flake. The
material of the micron metal flake may include, but i1s not
limited to, Au, Ag, Cu, an alloy thereof, a combination
thereol, or any other suitable metal materials. The average
tflake size (ID50) of the micron metal tlake ranges from about
0.5 um to 10 um, for example from about 1 pm to 9 um. In
addition, the D90 flake size of the micron metal tlake ranges
from about 4 um to 25 um. It should be noted that 1f the flake
s1ze ol the micron metal flake 1s too large, the transparency
of the subsequent transparent conductive film may decrease.
However, if the flake site of the micron metal flake 1s too
small, the contact region of the micron metal flakes and the
metal nanowires may be reduced, and the conductivity of the
subsequent transparent conductive film cannot be effectively
enhanced.

The nano metal wire may be any one-dimensional nano
metal material. The nano metal wire 1s used to form the
conductive paths 1n the transparent conductive film to make
the transparent conductive film conductive. In addition, the
nano metal wire may have nano size to maintain the trans-
parency of the transparent conductive film. The matenal of
the nano metal wire may include, but 1s not limited to, Au,
Ag, Cu, an alloy thereof, a combination thereof, or any other
suitable metal materials. The diameter of the nano metal
wire range from about 15 nm to 100 nm, for example from
about 20 nm to 80 nm. The aspect ratio of the nano metal
wire may range from about 100 to 1000, for example from
about 200 to 900. It should be noted that i1 the aspect ratio
of the nano metal wire 1s too large, for example larger than
about 1000, the nano metal wire 1s subject to breakage.
However, if the aspect ratio of the nano metal wire 1s too
small, for example smaller than about 100, the nano metal
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wire cannot eflectively form the conductive paths due to its
insuilicient length, which 1n turn affects the conductivity of
the transparent conductive film.

The dispersant 1s used to disperse the micron metal flake
and the nano metal wire 1n the solvent. The dispersant has to
disperse the micron metal flake and the nano metal wire
uniformly to prevent the aggregation between the micron
metal flake and the nano metal wire. In one embodiment, the
dispersant may include, but i1s not limited to, methyl cellu-
lose, carboxymethyl cellulose, ethyl cellulose, hydroxypro-
pyl cellulose, polyvinylpyrrolidone, polyvinyl alcohol, a
combination thereol, or any other suitable dispersant. The
solvent may include, but 1s not limited to, water, alcohol (for
example methanol, ethanol, or polyol), ketone, ether, a
combination thereol, or any other suitable solvent.

Next, the transparent conductive film composite 1s coated
on a substrate. Then the transparent conductive film com-
posite 1s heat dried to form the transparent conductive film.
The coating method may include, but 1s not limited to, wire
rods coating, spin coating, print coating, or any other suit-
able coating methods. The print coating may include, but 1s
not limited to, ik-jet printing, laser printing, slot coating,
imprinting, gravure printing or screen printing. In addition,
the heating duration of the heat drying step may be about 1
hour. The heating temperature of the heat drying step may be
about 50° C.-150° C., for example about 70° C.-90° C.

The material of the substrate may include, but 1s not
limited to, inorganic material such as glass or organic
maternial such as plastic or synthetic resin. The plastic may
include, but 1s not limited to, polyethylene terephthalate
(PET), polyethylene (PE), polypropylene (PP), polycarbon-
ate (PC), polystyrene (PS), polyacrylonitrile-butadiene-sty-
rene (ABS) or any other suitable plastic. The synthetic resin
may include, but 1s not limited to, phenolic resins, urea-
formaldehyde resins, unsaturated polyester resins, melamine
resins, urethane resins, alkyd resins, epoxy resins, polyvinyl
acetate resins, polyacrylate resins, polyvinyl alcohol resins,
petroleum resins, polyamide resins, furan resin, or marin
anhydride resin.

The transparent conductive film includes about 40-96 wt
% of the metallic material and 4-60 wt % of the dispersant.
For example, 1n one embodiment, the transparent conductive
film 1ncludes about 50-80 wt % of the metallic material and
20-350 wt % of the dispersant. In addition, the weight ratio of
the metallic material to the dispersant ranges from about
0.14:1 to 20:1, for example from about 1:1 to 1.3:1. In the
metallic material of the transparent conductive film, the ratio
of the nano metal wire and the micron metal flake 1is
substantially equal to that in the transparent conductive film
composite. In other words, the metallic material 1n the
transparent conductive film may include 84-99.99 wt % of
the nano metal wire and 0.01-16 wt % of the micron metal
flake. For example, the metallic material may include
90-99.9 wt % of the nano metal wire and 0.1-10 wt % of the
micron metal flake.

Due to the trace of metal flake 1n the transparent conduc-
tive film 1n the present disclosure, the conductivity of the
transparent conductive film array be enhanced while main-
taining 1ts transparency. For example, in one embodiment,
the conductivity 1s enhanced by about 33% through the
addition of the trace of metal flake. The sheet resistance of
the transparent conductive film may be 100£2/[] or less, for
example 80£2/[] or less. The transparency of the transparent
conductive film may be 93% or greater, for example 98% or
greater.

Since the present disclosure utilizes a simple drying step
to dry the transparent conductive film composite to form the
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transparent conductive film, high-vacuum manufacturing
equipment 1s not necessary. In addition, since the transparent
conductive film of the present disclosure does not contain
indium on (In) which has a high cost, the transparent
conductive film of the present disclosure has a lower cost
compared to the transparent conductive film manufactured
from the indium tin oxide (ITO) material.

Furthermore, since the conductivity of the transparent
conductive film of the present disclosure may be 101€2/[ ] or
less, the transparent conductive film may be applied to the
medium-size and large-size display and panel. In addition,
the transparent conductive film of the present disclosure 1s a
flexible material, therefore 1t can be applied to flexible
clectronic products.

In summary, due to the trace of metal flakes in the
transparent conductive film of the present disclosure, the
conductivity of the transparent conductive film may be
enhanced while maintaining its transparency. In addition, the
transparent conductive film of the present disclosure 1s
cost-eflective, highly conductive, highly transparent and
may be applied 1n flexible electronic products.

Below, exemplary embodiments will be described in
detail for a more clear 1llustration of the present disclosure
to a person having ordinary knowledge 1n the art.

EXAMPLE

Example 1

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um (the
average diameter was calculated by 12 nano silver wires
observed by a transmission electron microscope and the
average wire length was calculated by 30 nano silver wires
observed by an optical microscope). The water solution
contained 0.05 wt % of methyl cellulose. Another water
solution with 0.25 wt % solid content of a silver flake
(D50=1.57 um) was prepared, which contained 1 wt % of
methyl cellulose, 1 wt % of hydroxypropyl methylcellulose
(HPMC), 2 wt % of polyvinylpyrrolidone (PVPKI120,
molecular weight: 2,540,000 to 3,220,000) and was dis-
persed by a three-roll mill. The above two solutions were
mixed to prepare a transparent conductive film composite
with 7.680x10™> wt % total solid content of silver (99 wt %
of the nano silver wire and 1 wt % of a silver flake
(D50=1.57 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown 1n Table 1.

Example 2

A water solution with (1.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D30=1.57 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
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(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.779x107* wt % total solid

content of silver (97 wt % of the nano silver 3 wt % of a
silver flake (D50=1.57 um)). After the above two solutions
were uniformly rained, a washed glass sheet was prepared
and pretreated on a heater at 90° C. for 2 minutes. 500 pL
ol the prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 3

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D30=1.57 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.894x10™~ wt % total solid
content of silver (95 wt % of the nano silver wire and 5 wt
% of a silver flake (D50=1.57 um)). After the above two
solutions were uniformly mixed, a washed glass sheet was
prepared and preheated on a heater at 90° C. for 2 minutes.
500 uL of the prepared solution was pipetted by a micropi-
pette and dropped onto the glass sheet. Subsequently, the
solution was coated by a 25 um wire rod and heated for 2
minutes on the heater. The physical characteristics of this
transparent conductive film are shown in Table 1.

Example 4

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D30=1.57 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 7.999x10™* wt % total solid content of silver (93
wt % of the nano silver wire and 7 wt % of a silver tlake
(D30=1.57 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 5

A water sol on with 0.07625 wt % solid content of a nano
silver wire was prepared from the nano silver wire with an
average diameter ranging front about 60 nm to 70 nm and an
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average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose,
Another water solution with 0.25 wt % solid content of a
silver flake (D50=1.57 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.178x107% wt % total solid content of silver (90
wt % of the nano silver wire and 10 wt % of a silver flake
(D50=1.57 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown 1n Table 1.

Example 6

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D30=1.57 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.452x107 wt % total solid content of silver (84
wt % of the nano silver wire and 16 wt % of a silver flake
(D50=1.57 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 7

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D50=2.5 um) was prepared, which contained 1
wt % of methyl cellulose, 1 wt % of hydroxypropyl meth-
ylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.680x10™> wt % total solid
content of silver (99 wt % of the nano silver wire and 1 wt
% of a silver flake (D30=2.5 um)), After the above two
solutions were uniformly mixed, a washed glass sheet was
prepared and preheated on a heater at 90° C. for 2 minutes.
500 uL of the prepared solution was pipetted by a micropi-
pette and dropped onto the glass sheet. Subsequently, the
solution was coated by a 25 um wire rod and heated for 2
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minutes on the heater. The physical characteristics of this
transparent conductive film are shown in Table 1.

Example 8

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with

an average diameter ranging front about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D30=2.5 um) was prepared, which contained 1
wt % ol methyl cellulose. 1 wt % of hydroxypropyl meth-
ylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.779x107* wt % total solid
content of silver (97 wt % of the nano silver wire and 3 wt
% of a silver flake (D50=2.5 um)). After the above two
solutions were uniformly mixed, a washed glass sheet was
prepared and preheated on a heater at 90° C. for 2 minutes.
500 uL of the prepared solution was pipetted by a micropi-
pette and dropped onto the glass sheet. Subsequently, the
solution was coated by a 25 um wire rod and heated for 2
minutes on the heater. The physical characteristics of this
transparent conductive film are shown in Table 1.

Example 9

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D50=2.5 um) was prepared, which contained 1

wt % of methyl cellulose, 1% of hydroxypropyl methylcel-
lulose (HPMC), 2 wt % of polyvinylpyrrolidone (PVPK120,

molecular weight: 2,540,000 to 3,220,000). The above two
solutions were mixed to prepare a transparent conductive
film composite with 7.894x107* wt % total solid content of
silver (95 wt % of the nano silver wire and 5 wt % of a silver
flake (D30=2.5 um)). Alter the above two solutions were
uniformly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes, 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 10

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D30=2.5 um) was prepared, which contained 1
wt % ol methyl cellulose, 1 wt % of hydroxypropyl meth-
ylcellulose (HPMC) 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 7.999x107% wt % total solid content of silver (93
wt % of the nano silver wire and 7 wt % of a silver tlake
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(D50=2.5 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C., for 2 minutes. 500 uLL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the

heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 11

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D30=2.5 um) was prepared, which contained 1
wt % of methyl cellulose, 1 wt % of hydroxypropyl meth-
ylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.178x107* wt % total solid content of silver (90
wt % of the nano silver wire and 10 wt % of a silver flake
(D50=2.5 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 12

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25%, solid content of a silver
flake (ID50=2.5 um) was prepared, which contained 1 wt %

of methyl cellulose, 1 wt % of hydroxypropyl methylcellu-
lose (HPMC), 2 wt % of polyvinylpyrrolidone (PVPK120,

molecular weight: 2,540,000 to 3,220,000) and was dis-
persed by a three-roll mill. The above two solutions were
mixed to prepare a transparent conductive film composite
with 8.452x107 wt % total solid content of silver (84 wt %
of the nano silver wire and 16 wt % of a silver flake
(D50=2.5 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 13

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an

average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
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silver flake (D50=4.63 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.894x10~* wt % total solid
content of silver (95 wt % of the nano silver wire and 5 wt
% of a silver flake (D50=4.63 um)). After the above two
solutions were uniformly mixed, a washed glass sheet was
prepared and preheated on a heater at 90° C. for 2 minutes.
500 uL of the prepared solution was pipetted by a micropi-
pette and dropped onto the glass sheet. Subsequently, the
solution was coated by a 25 um wire rod and heated for 2
minutes on the heater. The physical characteristics of this
transparent conductive film are shown 1n Table 1.

Example 14

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D30=4.63 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.178x107* wt % total solid content of silver (90
wt % of the nano silver wire and 10 wt % of a silver flake
(D30=4.63 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 15

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The

water solution contaimned 0.05 wt % methyl cellulose.
Another water solution with 0.25 wt % solid content of a

silver flake (D30=4.63 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxy propyl

methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and

was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.452x107> wt % total solid content of silver (84
wt % of the nano silver wire and 16 wt % of a silver flake

(D30=4.63 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 16

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
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an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D50=8.38 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000). The
above two solutions were mixed to prepare a transparent
conductive film composite with 7.894x107* wt % total solid
content of silver (95 wt % of the nano silver wire and 5 wt
% of a silver flake (D50=8.38 um)). After the above two
solutions were uniformly mixed, a washed glass sheet was
prepared and preheated on a heater at 90° C. for 2 minutes.
500 uL of the prepared solution was pipetted by a micropi-
pette and dropped onto the glass sheet. Subsequently, the
solution was coated by a 25 um wire rod and heated for 2
minutes on the heater. The physical characteristics of this
transparent conductive film are shown 1n Table 1.

Example 17

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver tlake (D30=8.38 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.178x107* wt % total solid content of silver (90
wt % of the nano silver wire and 10 wt % of a silver flake
(D50=8.38 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Example 18

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose.
Another water solution with 0.25 wt % solid content of a
silver flake (D50=8.38 um) was prepared, which contained
1 wt % of methyl cellulose, 1 wt % of hydroxypropyl
methylcellulose (HPMC), 2 wt % of polyvinylpyrrolidone;
(PVPK120, molecular weight: 2,540,000 to 3,220,000) and
was dispersed by a three-roll mill. The above two solutions
were mixed to prepare a transparent conductive film com-
posite with 8.452x107 wt % total solid content of silver (84
wt % of the nano silver wire and 16 wt % of a silver flake
(D50=8.38 um)). After the above two solutions were uni-
formly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
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heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Comparative Example 1

A water sol on with 0.07625 wt % solid content of a nano
silver wire was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose. The
above solution was used to prepare a transparent conductive

film composite with 7.680x107 wt % total solid content of
silver, which contained 100 wt % of the nano silver wire.
Then a washed glass sheet was prepared and preheated on a
heater at 90° C. for 2 minutes. 500 ul. of the prepared
solution was pipetted by a micropipette and dropped onto
the glass sheet. Subsequently, the solution was coated by a
25 um wire rod and heated for 2 minutes on the heater. The
physical characteristics of this transparent conductive film
are shown 1n Table 1.

Comparative Example 2

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
The above solution was used to prepare a transparent
conductive film composite with 7.779x10™~ wt % total solid
content of silver, which contained 100 wt % of the nano
silver wire. Then a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. S00 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Comparative Example 3

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
The above solution was used to prepare a transparent
conductive film composite with 7.894x10™~ wt % total solid
content of silver, which contained 100 wt % of the nano
silver wire. Then a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. S00 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown 1n Table 1.

Comparative Example 4

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose. The
above solution was used to prepare a transparent conductive
film composite with 7.999x10™* wt % total solid content of
silver, which contained 100 wt % of the nano silver wire.
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Then a washed glass sheet was prepared and preheated on a
heater at 90° C. for 2 minutes, 500 ulL of the prepared
solution was pipetted by a micropipette and dropped onto
the glass sheet. Subsequently, the solution was coated by a
25 um wire rod and heated for 2 minutes on the heater. The
physical characteristics of this transparent conductive film
are shown 1n Table 1.

Comparative Example 5

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging front about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
The above solution was used to prepare a transparent
conductive film composite with 8.178x107> wt % total solid
content of silver, which contained 100 wt % of the nano
silver wire. Then a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive filer are shown 1n Table 1.

Comparative Example 6

A water solution with 0.07625 wt % solid content of a
nano silver was prepared from the nano silver wire with an
average diameter ranging from about 60 nm to 70 nm and an
average wire length ranging from about 30 um to 40 um. The
water solution contained 0.05 wt % of methyl cellulose. The
above solution was used to prepare a transparent conductive
film composite with 8.452x107 wt % total solid content of
silver, which contained 100 wt % of the nano silver wire.
Then a washed glass sheet was prepared and preheated on a
heater at 90° C. for 2 minutes, 500 ulL of the prepared
solution was pipetted by a micropipette and dropped onto
the glass sheet. Subsequently, the solution was coated by a
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25 um wire rod and heated for 2 minutes on the heater. The
physical characteristics of this transparent conductive film
are shown 1n Table 1.

Comparative Example 7

A water solution with 0.07625 wt % solid content of a
nano silver wire was prepared from the nano silver wire with
an average diameter ranging from about 60 nm to 70 nm and
an average wire length ranging from about 30 um to 40 um.
The water solution contained 0.05 wt % of methyl cellulose.
The above solution was used to prepare a transparent
conductive film composite with 7.625x107% wt % total solid
content of silver, which contained 100 wt % of the nano

silver wire. Then a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

Comparative Example 8

A water solution with 3 wt % solid content of a silver flake
(D30=1.57 um) was prepared, which contained 1 wt % of
methyl cellulose, 1 wt % of hydroxypropyl methylcellulose
(HPMC), 2 wt % of polyvinylpyrrolidone (PVPKI120,
molecular weight: 2,540,000 to 3,220,000) and was dis-
persed by a three-roll mill. The above solution was used to
prepare a transparent conductive film composite with 300x
1072 wt % total solid content of silver, which contained 100
wt % of a silver flake (ID50=1.57 um). After the solution was
uniformly mixed, a washed glass sheet was prepared and
preheated on a heater at 90° C. for 2 minutes. 500 uL of the
prepared solution was pipetted by a micropipette and
dropped onto the glass sheet. Subsequently, the solution was
coated by a 25 um wire rod and heated for 2 minutes on the
heater. The physical characteristics of this transparent con-
ductive film are shown in Table 1.

TABLE 1

Composition and physical characteristics of the transparent conductive films

silver silver
nano flake flake
Silver solid  silver silver s1zZe S1Ze sheet
content WIre flake D30 D90 dispersant  resistance transparency

(x1072 wt %) (Wt %) (Wt %) (um) (um)  (x10™7 wt %)  (Q/)) (T %)
Example 1 7.680 99 1 1.57 4.74 6.2 87 08.452
Example 2 7.779 97 3 1.57 4.74 8.7 75 08.259
Example 3 7.894 95 5 1.57 4.74 11.1 55 98.466
Example 4 7.999 93 7 1.57 4.74 13.5 56 98.006
Example 5 8.178 90 10 1.57 4.74 17 47 98.400
Example 6 8.452 84 16 1.57 4.74 23.8 47 97.289
Example 7 7.680 99 1 2.5 4.3 6.2 82 08.389
Example 8 7.779 97 3 2.5 4.3 8.7 64 98.308
Example 9 7.894 95 5 2.5 4.3 11.1 62 08.256
Example 10 7.999 93 7 2.5 4.3 13.5 64 98.319
Example 11 8.178 90 10 2.5 4.3 17 64 08.255
Example 12 8.452 84 16 2.5 4.3 23.8 35 96.525
Example 13 7.894 95 5 4.63 10.57 6.2 62 97.460
Example 14 8.178 90 10 4.63 10.57 11.1 60 97.494
Example 15 8.452 84 16 4.63 10.57 23.8 48 96.900
Example 16 7.894 95 5 8.38 23.75 6.2 57 97.207
Example 17 8.178 90 10 8.38 23.75 11.1 59 96.995
Example 18 8.452 84 16 8.38 23.75 23.8 45 95.536
Comparative 7.680 100 0 X X X 114 98.475

example 1
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Composition and phvsical characteristics of the transparent conductive films

silver silver
nano flake fake
Silver solid  silver silver S1Z¢ s1Ze sheet
content wire flake D30 D90 dispersant  resistance transparency
(x1072 wt %) (Wt %) (Wt %) (um) (um) (1072 wt %) (/) (T %)
Comparative 7.779 100 0 X X 5 101 98.526
example 2
Comparative 7.894 100 0 X X 5 90 98.525
example 3
Comparative 7.999 100 0 X X 5 74 08.248
example 4
Comparative 8.178 100 0 X X 5 72 98.160
example 3
Comparative 8.452 100 0 X X 5 52 97.941
example 6
Comparative 7.625 100 0 X X 5 157 99.058
example 7
Comparative 300 0 100 1.57 4.74 400 X 82.749
example 8

Table 1 shows the composition and physical characteris-
tics of the transparent conductive films of examples 1-18 and
comparative examples 1-8. According to table 1, for the
same metal solid content, the transparent conductive film
which contained silver flakes had good conductivity. For
example, all of the silver solid content of the transparent
conductive films 1n examples 1, 7 and comparative example
1 were 7.680x107% wt %, and the sheet resistance of the
transparent conductive films containing trace of silver flakes
in examples 1, 7 (87€2/[ ] and 82£2/[ 1) was explicitly less
than the sheet resistance of the transparent conductive film
without the silver flakes 1n comparative example 1 (114€2/
). In addition, the transparency of the transparent conduc-
tive films 1 examples 1, 7 (98.452% and 98.389%) as
substantially equal to the transparency of the transparent
conductive film in comparative example 1 (98.473%).
Therefore, adding a specific amount of the micron metal
flake into the transparent conductive film could explicitly
enhance the conductivity of the transparent conductive film
without sacrificing its transparency. For example, the con-
ductivity of the transparent conductive film 1n comparative
example 3 was 90£2/[ 1, while the conductivity of the trans-
parent conductive {ilm containing 5 wt % of the silver flakes
in the corresponding example 3 was 35€2/[]. The conduc-
tivity was enhanced impressively by 38%. The same trend
was shown 1n other examples.

In addition, the D50 flake size of the micron metal flakes
in examples 1-6 was 1.57 um. The D50 flake size of the
micron metal flakes 1n examples 7-12 was 2.5 um. The D50
tflake size of the micron metal flakes 1n examples 13-15 was
4.63 um. The D50 flake size of the micron metal flakes 1n
examples 16-18 was 8.38 um. According to examples 1-18
in Table 1, as the D50 flake size of the micron metal flake
increased, the sheet resistance of the transparent conductive
film decreased. However, the micron metal flake with larger
D50 flake s1ze would also decrease the transparency of the
transparent conductive film. For example, both of the silver
solid contents of the transparent conductive films 1n
examples 1, 7 were 7.680x107* wt %, and both of the silver
solid contents included 99 wt % of the nano silver wire and
1 wt % of the silver flake. Since the D50 flake size of the
micron metal tlake 1n example 1 (1.57 um) was smaller than
the D350 flake site of the micron metal tlake 1n example 7 (2.5
um), the sheet resistance of the transparent conductive film
in example 1 (87€2/[ 1) was greater than the sheet resistance
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of the transparent conductive film 1n example 7 (82£2/[]). In
addition, since the micron metal flake 1n example 1 had a
smaller D30 flake size, the transparency of the transparent
conductive film 1n example 1 was greater. In particular, the
transparency of the transparent conductive film 1n example
1 (98.452%) was slightly greater than the transparency of the
transparent conductive film 1n example 7 (98.389%). In
addition, according to the comparative example 8, the trans-
parent conductive film containing only the silver flake did
not have conductivity and had a poor transparency
(82.749%). It will be apparent to those skilled 1n the art that
vartous modifications and variations can be made to the
disclosed embodiments. It 1s intended that the specification
and examples be considered as exemplary only, with a true
scope ol the disclosure being indicated by the following
claims and their equivalents.
What 1s claimed 1s:
1. A transparent conductive film, consisting of:
(a) a metallic material; and
(b) a dispersant,
wherein a weight ratio of the metallic material to the
dispersant ranges from 0.14:1 to 20:1,

wherein the metallic material (a) comprises:
(al) 84-99.99 wt % of metal nanowires; and
(a2) 0.01-16 wt % of micron metal tlakes,

wherein a sheet resistance of the transparent conductive
film 1s 10052/or less, and a transparency of the trans-
parent conductive film 1s 95% or greater.

2. The transparent conductive film as claimed in claim 1,
wherein the micron metal flake and the nano metal wire each
independently comprises: Au, Ag, Cu, an alloy thereof, or a
combination thereof.

3. The transparent conductive film as claimed 1n claim 1,
wherein an average flake size (D30) of the micron metal
flake ranges from 0.5 um to 10 pm.

4. The transparent conductive film as claimed 1n claim 1,

wherein an aspect ratio of the nano metal wire ranges from
100 to 1000.

5. The transparent conductive film as claimed 1n claim 1,
wherein the dispersant comprises methyl cellulose, car-
boxymethyl cellulose, ethyl cellulose, hydroxypropyl cellu-
lose, polyvinylpyrrolidone, polyvinyl alcohol, or a combi-
nation thereof.
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